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a b s t r a c t
The plantar soft tissue is a highly functional viscoelastic structure involved in transferring load to the human
body during walking. A Soft Tissue Response Imaging Device was developed to apply a vertical compression
to the plantar soft tissue whilst measuring the mechanical response via a combined load cell and ultrasound
imaging arrangement. Accuracy of motion compared to input proﬁles; validation of the response measured
for standard materials in compression; variability of force and displacement measures for consecutive com-
pressive cycles; and implementation in vivo with ﬁve healthy participants. Static displacement displayed
average error of 0.04 mm (range of 15 mm), and static load displayed average error of 0.15 N (range of 250 N).
Validation tests showed acceptable agreement compared to a Houndsﬁeld tensometer for both displacement
(CMC > 0.99 RMSE > 0.18 mm) and load (CMC > 0.95 RMSE < 4.86 N). Device motion was highly repeatable
for bench-top tests (ICC= 0.99) and participant trials (CMC= 1.00). Soft tissue responsewas found repeatable
for intra (CMC > 0.98) and inter trials (CMC > 0.70). The device has been shown to be capable of implement-
ing complex loading patterns similar to gait, and of capturing the compressive response of the plantar soft
tissue for a range of loading conditions in vivo.
© 2015 The Authors. Published by Elsevier Ltd on behalf of IPEM.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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a1. Introduction
Plantar soft tissues transfer forces to the skeleton without induc-
ing shock loading or vibration [1,2]. To understand the relationship
between plantar tissue structure and function, and inform interven-
tion use when function is lost (e.g. in diabetes, aging [3]), the tissue
properties must be characterised under functionally relevant condi-
tions (i.e. in-gait).
In-vitro studies allow the use of accurate materials testing devices
for characterisation of whole segment or isolated tissue properties
[4], it is however likely that the inherent material properties of the
tissues are changed, as a result of tissue breakdown, postmortem.
In-vivo studies characterise the tissue in its functional form (e.g.
heel pad constrained by skin with regular blood perfusion to venous
plexus) [5].
Previous in-vivo methodologies vary in control mechanism and in
the accuracy and repeatability achieved for measurement of loading∗ Corresponding author. Tel.: +44 161 295 6284.
E-mail addresses: D.j.parker1@salford.ac.uk (D. Parker), G.Cooper@mmu.ac.uk (G.
Cooper), S.Pearson@Salford.ac.uk (S. Pearson), G.Crofts@Salford.ac.uk (G. Crofts),
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).onditions and material deformation. Static measurements of force
nd tissue compression demonstrate the tissues capacity [6]. Man-
al or handheld application of compression force is restricted to low
ates of displacement (0.6–6 mms−1) and simple patterns of com-
ression (approximately constant rate or sinusoidal) [7,8], neither of
hichmimic gait conditions. Uncontrolled compression experiments
pendulum and in-gait studies) produce functionally relevant load-
ng but have not captured consecutive compressive cycles [9–11] or
ave required load and displacement data to be captured separately
12]. Controlled compression experiments (e.g. actuator driven) per-
it consecutive compressive cycles to be performed in amanner sim-
lar to that during walking. Despite this, there has been no attempt to
eplicate the loading experienced by the heel pad during gait [13,14].
Furthermore the compression surface used has a large effect on
he tissue response. Indentation devices result in edge effects [14]
nd errors can be introduced due to misalignment of the indenta-
ion probe [15]. A compression surface larger than the surface area of
he segment (heel, forefoot) can ensure uniform loading, free of edge
ffects, similar to in vivo dynamics [7,13,16,17]. Single axis load cells
ave been used to capture vertical tissue loading in compression [18],
ue to their high accuracy and linearity combined with their capacity
or high sampling frequency. When uniform compression is appliedaccess article under the CC BY-NC-ND license
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Fig. 1. The Soft Tissue Response Imaging Device (STRIDE).
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Fig. 2. Cut away view of device housing and brace system.he measured load may not represent a single tissues response. Some
n-gait studies have used pressure measurement systems, with a grid
f small discrete sensors [11,12], to calculate force over a small region
f interest while loading a larger region. Although this provides the
otential for greater region speciﬁcity, pressure systems are limited
y their low sampling frequency and may not reﬂect the true applied
oad due to the restricted optimum loading range for these sensors
19]. To overcome these limitations within this study we developed a
part loading platen capable of applying uniform loading to the re-
ion of interest (heel, forefoot) whilst capturing load measurement
ia a single axis load cell speciﬁc to a central area (heel pad under
alcaneus).
To derive both tissue stress and strain, realistic loading must be
imultaneous with measurement of tissue displacement. Tissue dis-
lacement is measured indirectly in pendulum and indentation stud-
es, and cannot isolate tissue compression from compression/motion
f the leg as a whole [20]. Radiology methods permit tissue compres-
ion to be measured directly. Fluoroscopy and cineradiography are
ypically low resolution and restricted to a single layer between the
one and skin surface [21], while ultrasound permits real time im-
ge capture combined with high resolution imaging of multiple tis-
ue layers during compression. Ultrasound probes can also be inte-
rated within the compression surface of a loading device [8,22], and
ombined with load cells to provide synchronous measurement of
pplied load and tissue thickness [7]. Magnetic Resonance Imaging
vercomes these issues [23], but real time dynamic tissue response
annot be measured. Within this study ultrasound was chosen as it
ermitted effective monitoring of the full compression proﬁle at a
igh sampling frequency, whilst also enabling measurement of verti-
al displacement for multiple layers within the plantar tissues.
A device which can apply controlled and uniform tissue compres-
ion at high, ‘gait like’ compression rates is required to provide valid
haracterisation of plantar soft tissue properties. Therefore the aim
f this study was to; (a) develop a device capable of compressing and
easuring the plantar soft tissue in a controlled and repeatable man-
er at a range of compression rates/patterns including those experi-
nced during gait; and (b) evaluate the performance of the device and
alidate this against a known standard.
. Methods
.1. Device design
The Soft Tissue Response Imaging Device (STRIDE) was developed
o allow bulk compression of a plantar tissue and region (e.g. heel)nd speciﬁc load measurement without inducing edge effects. To
chieve this, a bespoke platen was designed (Fig. 1). The platen is di-
ided into two parts; a large aluminium disk (150mmdiameter) with
central hole (32 mm diameter) supported on loadbearing columns,
nd a central small (30mmdiameter, 6 mm thickness) polypropylene
omopolymer sonolucent ultrasound imaging window with 1 mm
learance around its circumference. The probe was coated with ul-
rasound gel and held in constant contact with the imaging window,
single reverberation artefact was present in the ultrasound image.
he central window and the ultrasound probe are connected to the
oad-cell directly providing an independent load path so that only
he force acting on the 30 mm imaging window is measured while
ompressing the whole foot region.
The platen is mounted on linear bearings and driven by a brush-
ess linear servo-motor (BLMH142, Aerotech Ltd., UK) through a ﬁxed
ertical range of ±15 mm making it easy to perform consecutive
ompression cycles of a speciﬁc tissue site (Fig. 2). The device was
ontrolled via displacement, velocity and acceleration input to the
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Fig. 3. Ultrasound image of calcaneus demonstrating best ﬁt template and tracking of template through search range to calculate tissue displacement.
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dsupplied drive software (Ensemble, Aerotech Ltd., UK). A Stage was
constructed and an Aircast Boot (XP Walker Extra Pneumatic, DJO,
LCC, USA) with inﬂatable bladders was adapted for use as a foot brace
to allow positioning directly above the loading platen (Fig. 2). The
brace position could be adjusted horizontally and vertically (x, y and
z) to permit location of the anatomical site being imaged and there-
after locked. A full health and safety reviewwas conducted to comply
with institutional regulations.
2.2. Data collection and processing
The ultrasound system consisted of a 5.5 MHz ultrasound Probe
in B-Mode (LA523, MyLab 70, Esaote, Italy) with capture frequency
of 201 Hz, capable of imaging the plantar soft tissue to a maxi-
mum thickness of 40 mm with a measurement accuracy of 1.75%
(±0.7 mm) as reported by the manufacturer. Ultrasound videos were
split into static images (frames) and tissue thickness was determined
for each image, using an algorithm written in Python to match an
adjustable curve template to the proﬁle of the calcaneal tuberosity
(Fig. 3). The distance between the matched template and the skin
surface was measured for each image to record tissue thickness over
time. A precision load cell with a maximum capacity of 2225 N
(TC34, Amber Instruments, UK) and linearity of 0.02% (4.45 N) was
used to capture the force response of the plantar tissue for a sin-
gle axis (compression). A Linear Variable Differential Transformer
(LVDT) (S-Series, Solartron, UK) with range of 50 mm and linearity
of 0.2% (0.1 mm) provided a measurement of the platen’s vertical
displacement. Data for the load cell and LVDT were synchronously
logged to PC at 1000 Hz capture frequency via LabView (National
Instruments, UK).
2.3. Drive proﬁles
Two drive proﬁles were used; a 5 mms−1 Triangle-Wave Proﬁle
(T-Wave) and an impact like Vertical Gait Proﬁle (V-Gait) (Visible in
Fig. 4). The T-Wave was based on previous low rate, controlled com-
pression experiments [7,14]. The V-Gait was derived from the vertical
component of motion capture data for a marker placed on the poste-
rior aspect of the heel and had cycle duration of 1 s. Velocity and ac-
celeration proﬁles were calculated as the ﬁrst and second derivatives
for the displacement proﬁle. A peak velocity of 0.6 m/s and a peak
acceleration of 15 m/s2 occurred at the transition peak displacement.
These values aremuch greater than those derived by single Sine-wave
ﬁts to the literature data, and it is likely that this is due to the re-
duced time to peak displacement in the motion capture data (0.05 s)
compared to the literature data (0.2 s) [9,24]. This produced a loading
proﬁle similar to previous pendulum and in-gait studies [20,21,24];
but with a greater degree of control and repeatability, and permit-
ting consecutive compressive cycles to be performed. All proﬁles in-
cluded periods of pre/post compression motion to allow adequateoading/unloading velocities to be achieved at the points of impact
nd oﬄoading.
.4. Device evaluation
.4.1. Calibration
The load cell was calibrated statically using standard weights
ithin the range of operation (0–250 N). These weights were then
eapplied to assess the accuracy and linearity of the measured load.
o remove the effects ofmechanical friction and inertia, createdwhen
ccelerating the suspended STRIDE platen, dynamic calibration pro-
les were applied, which were the average cycle load measured for
00 cycles of platen motion in free air. To correct for systematic error
n the load cell measurements a secondary correction factor in the
orm y = (x−1.58)∗ 1.05 was applied. The LVDT was calibrated stati-
ally using metric gauge blocks for the operational range (0–30 mm).
he device was then moved at 3 mm steps through its full range to
ssess the linearity and accuracy of platen displacement.
.4.2. Input/output precision
To assess the ability of the drive mechanism and coupling sys-
ems to conform to the input drive proﬁle, data for vertical displace-
ent of the device platen was collected using the LVDT (Fig. 4). 100
isplacement cycles were run for both drive proﬁles, in free air and
uring compression of a standard material (Thermoplastic rubber –
hore 25).
.4.3. Validation
To validate the force and displacement measurements recorded in
ompression, material tests were conducted using STRIDE and then
epeated on a Houndsﬁeld tensometer (Model H10KS) for two stan-
ard materials (Thermoplastic rubber of Shore A25 and A35) selected
o match reported hardness values for the plantar soft tissue [25].
rior to testing the thickness was measured using a digital calliper.
he material was then placed into the testing device and a pre-load
f 1 N was applied to ensure ﬁrm contact. Each material was tested
t three displacement velocities (0.5 mms−1, 1 mms−1, 2 mms−1) for
0 cycles of a triangle wave with amplitude of 10 mm. Between tests
ach material was allowed to return to its original thickness.
.4.4. In vivo plantar soft tissue testing
To provide an initial assessment of the devices application to in-
ivo plantar soft tissue testing the right feet of 5 healthy individuals
ere tested. The participants were of a similar age and BMI (Table 1),
nd recruited from the population at the University of Salford. Par-
icipants had no history of foot problems or surgery, and no history
f systemic pathophysiological disease. Ethical approval was given by
he local ethics committee and each participant provided written in-
ormed consent. The right leg was braced, and the participant was
ade to stand , positioned such that the heel and straight leg were
irectly above the imaging window of the STRIDE platen (Fig. 2). The
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Fig. 4. Input/output precision for platen motion in all conditions.
Table 1
Participant information.
Participant 1 2 3 4 5 Mean ± SD
Age (yr) 26 24 20 20 25 23.00 ± 2.53
Gender (m:f) m m f f m 3 m/2f
Height (cm) 181 178 175 172 169 175.00 ± 4.24
Body mass (kg) 82 78 78 60.9 60 71.78 ± 9.37
BMI (kg/m2) 25 24.6 25.5 20.6 21 23.34 ± 2.10
UHP thickness (mm) 19.34 16.36 18.40 13.42 17.42 16.99 ± 2.04
∗UHP – Unloaded HEEL Pad.
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<TRIDE platen was then brought into contact with the plantar surface
f the heel to permit a sagittal plane ultrasound image of the heel
at pad to be obtained and the apex of the calcaneal tubercle imaged.
hile recording ultrasound images, a small displacement (∼5 mm)
as applied to compress the tissue and the platen then lowered un-
il tissue contact was lost. The ﬁnal image before loss of contact was
sed to measure unloaded tissue thickness, based on the protocol of
avanagh (1999). Dynamic tissue tests were conducted as three sep-
rate trials, each consisting of two consecutive compressions, result-
ng in six compressions in total for each loading condition (T-wave,
-Gait). The two compressions in each trial were made in close suc-
ession so that small intra-trial differences were expected. However,
etween trials the tissue was fully oﬄoaded and allowed to recovero its unloaded state leading to the possibility of larger inter-trial
ifferences.
. Results
The load cell calibration was linear (Pearson’s R2 = 0.999), with a
ean absolute error across all points 0.15 N (SD = 0.07 N), represent-
ng 0.06% of the operational range, the maximum error was 0.25 N.
or the LVDT the calibration was linear (Pearson’s R2 = 0.999) and the
ean absolute error across all points 0.04mm (0.02mm SD), 0.24% of
he operational range, and the maximum error was 0.07 mm. The de-
ice reproduced input proﬁles with NRMSE of <1.7% of the displace-
ent range across thewhole loading proﬁle (Table 2) and ICC’s> 0.99
or all conditions. Errors were highest at the transition from upward
o downward motion of the platen which represented the point of
reatest acceleration (Fig. 4). The target displacement error, captured
t this transition, was <3.4% of the displacement range for all condi-
ions. Absolute measures of target error show that the T-wave trials
ere consistently below the target, while gait simulation trials con-
istently exceeded the target (Table 2). Acceptable agreement was
ound between STRIDE and Houndsﬁeld tensometer for measured
isplacement in all conditions with an NRMSE < 1.4% for the dis-
lacement range (Table 3). However, the measured load displayed a
reater variance between the twomeasurement devices with NRMSE
9% for the measured range (Table 3) the RMSE ranged from 2–5 N
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Table 2
Input/output conformance and target error for platen motion.
Input/output conformance RMSE (mm) NRMSE ICC(1,1)
Mean ± SD (%)
T-Wave 5 mm s−1 In free air 0.181 ± 0.020 1.221 0.999
In compression 0.241 ± 0.065 1.639 0.999
Gait simulation In free air 0.223 ± 0.037 1.386 0.999
In compression 0.209 ± 0.038 1.306 0.999
Target error RMSE (mm) NRMSE Absolute (mm)
Mean ± SD (%) Mean ± SD
T-Wave 5 mm s−1 In free air 0.192 ± 0.062 1.294 −0.192 ± 0.062
In compression 0.307 ± 0.059 2.089 −0.307 ± 0.059
Gait simulation In free air 0.540 ± 0.270 3.330 0.534 ± 0.281
In compression 0.399 ± 0.231 2.479 0.366 ± 0.280
Root Mean Square Error (RMSE) calculated by comparing input proﬁle to output cycle measurements.
Normalised RMSE (NRMSE) was calculated as the mean RMSE divided by the range of measurement.
The error was deﬁned as the discrepancy between the expected position (+15 mm) and the actual
position of the device platen, at peak displacement. Absolute error allows identiﬁcation of over or un-
dershooting of the device platen.
Table 3
Device comparison.
Displacement Force
Stride vs. HT RMSE (mm) NRMSE CMC RMSE (N) NRMSE CMC
Mean ± SD (%) Mean ± SD (%)
Shore 25
0.5 mm s−1 0.173 ± 0.098 0.734 0.998 2.284 ± 0.236 5.372 0.980
1 mm s−1 0.114 ± 0.030 0.593 0.999 3.202 ± 0.273 8.851 0.965
2 mm s−1 0.066 ± 0.014 0.387 1.000 2.352 ± 0.319 5.337 0.983
Shore 35
0.5 mm s−1 0.118 ± 0.024 0.464 0.999 3.914 ± 0.170 7.228 0.980
1 mm s−1 0.168 ± 0.029 1.392 0.999 2.806 ± 0.271 4.815 0.988
2 mm s−1 0.074 ± 0.027 0.249 1.000 4.851 ± 0.187 8.875 0.974
Root Mean Square Error (RMSE) calculated by comparing the Houndsﬁeld Tensometer (HT) and the Soft
Tissue Response imaging device (STRIDE). Normalised RMSE (NRMSE) was calculated as the mean RMSE
divided by the range of measurement. The Coeﬃcient of Multiple Correlations (CMC) was used to assess
the level of agreement for the two dimensional curve data of the two device outputs [37].
Table 4
Variation in measured compressive response during participant tests.
NRMSE (%) % CV CMC
Output measure Intra Inter Intra Inter Intra Inter
5 mm s−1 T-wave
Platen motion 0.115 0.078 0.23 ± 0.04 0.16 ± 0.02 1.000 ± 0.000 1.000 ± 0.000
US displacement 1.942 5.198 6.29 ± 1.33 18.17 ± 7.63 0.988 ± 0.009 0.706 ± 0.126
Load measurement 1.539 4.046 4.15 ± 1.33 11.30 ± 3.66 0.996 ± 0.001 0.834 ± 0.094
Gait simulation
Platen motion 0.101 0.1 0.69 ± 0.13 0.73 ± 0.26 1.000 ± 0.000 1.000 ± 0.000
US displacement 0.952 2.736 11.04 ± 5.19 35.29 ± 19.52 0.992 ± 0.006 0.854 ± 0.061
Load measurement 0.892 3.894 10.18 ± 5.59 45.71 ± 8.66 0.994 ± 0.004 0.838 ± 0.092
US – Ultrasound, Normalised Root Mean Square Error (NRMSE) was calculated as the mean RMSE between the individual cycle response
and the mean response for all cycles divided by the range of operation. Coeﬃcient of Variation (CV) was calculated to provide an assess-
ment of the total variability and represents the width of the SD band in percentage terms [38]. The Coeﬃcient of Multiple Correlations
(CMC) was used to assess the level of agreement for the two dimensional curve data of the two device outputs [37].
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oacross the whole load deformation curve. For both load and displace-
ment in all conditions CMC values were high (>0.95). Platen motion
was highly repeatable during tissue compression, for both the intra-
and inter-trial assessment (NRMSE < 0.11%; CMC > 0.99) in both
T-Wave and V-Gait conditions (Table 4, Fig. 5). Measures of tissue
compression derived from ultrasound imaging had acceptable re-
peatability intra trial (NRMSE < 1.95%; CMC > 0.98), however a
greater variancewas observed inter trial (NRMSE< 5.2%; CMC> 0.70)
(Table 4, Fig. 5). The measured load was reasonably repeatable with
inter-trial variance (NRMSE < 4.1%; CMC > 0.83) being greater thanntra trial variance (NRMSE < 1.6%; CMC > 0.99) for both T-Wave and
-Gait Conditions (Table 4, Fig. 5).
. Discussion
.1. Device development
The level of control and range of proﬁles which can be accurately
mplemented using STRIDE represents a clear advance from previ-
us in-vivo methods of controlled compression. These were limited
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Fig. 5. Platen moion, measured load and ultrasound measured thickness during participant testing for (a) Gait-Sim and (b) Twave proﬁles based on mean and SD of 6 cycles from
3 Trials for a representative subject.
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bo simple compression proﬁles [26–28] or uncontrolled impact style
onditions [5,20]. The increased control permitted use of a V-Gait
roﬁle which closely reﬂects the velocities and displacements seen
n gait, whilst also enabling capture of the tissues response for con-
ecutive compressive cycles.
The previously demonstrated methods for isolation of tissue spe-
iﬁc characteristics have been limited by the inclusion of edge effects
esulting in unrealistic tissue compression [14,15,29]. Therefore, the
ompressive platen of STRIDE was developed to permit bulk com-
ression of the tissue (as per gait) whilst retaining high regional
peciﬁcity. This unique feature allows for effective recording of phe-
omena such as stress concentrations, which occur beneath the bony
rominences in the foot, during compression [30,31]. For the calca-
eus, the region of tissue which lies directly beneath the calcaneal
ubercle will receive the greatest compressive force, due to the con-
entrated stress, while the regions surrounding this will receive a
esser distributed force [31]. It is therefore necessary to isolate the
esponse of the tissue in this region. The use of ultrasound in series
ith region speciﬁc load measurement also provides the capacity to
ccurately measure tissue strain and stress synchronously, speciﬁc to
region of interest.
The device setup provides only a single axis of motion and thus
ompression imposed by the STRIDE platen represents a simpliﬁed
ersion of gait dynamics. To limit the effect of the simpliﬁed dy-
amics vertical motion was selected, as this represents the major
ompressive component of gait. The device bracing was shown to be
ompliant during tissue compression, which prevents over compres-
ion of the foot; however this compliance is also likely to have re-
ulted in sub-maximally compressed tissue. Compression or strain er-
or have previously been shown to considerably affect the measured
eak stress and thus care should be taken when comparing between
rials with variable peak strain [32].
.2. Device performance
Accuracy was within the range reported previously [22,28,29]. In-
ut/output precision tests demonstrated that the device has an aver-
ge displacement error of 0.225 mm (1.5% for 15 mm range) for com-
ressive trials. This is not as good as the average accuracy reported
reviously [28,29], but in these studies displacement velocities were
uch lower than the present study, which attempted to replicate
unctional loading [33] (0.5–30 mms−1, compared to 5 mms−1 –
eaks of 300mms−1). For the V-Gait proﬁle in free-air absolute target
rror was positive suggesting over compression would occur duringissue trials. However this error was reduced during material com-
ression trials and it is expected that the impact of the platen with
he material reduces actuator work resulting in improved agreement
o the input proﬁle. Even so to ensure safety during participant trials
he bracing system was designed to be slightly compliant and permit
uick release, reducing risk of over compression of the foot.
STRIDE was shown to be capable of replicating the motion of the
oundsﬁeld tensometer with minimal differences (NRMSE < 1.4%)
or all conditions meaning the materials were subjected to equal test
onditions. Differences were observed between devices for the mea-
ured load response (2–5 N RMSE), which suggests some limitations
o the capacity to measure the load response accurately with STRIDE.
large component of this error is expected to be the effect of load
ell accuracy (±4.45 N) for the narrow testing range used (0–50 N).
owever the CMC values were still very high (>0.95) suggesting a
onsistent pattern of response was seen with both devices (Table 4).
he Houndsﬁeld tensometer was only capable of reproducing sim-
le loading proﬁles with velocities lower than that achievable us-
ng STRIDE, as such a validation of the V-Gait Sim proﬁle was not
ossible.
The high levels of repeatability of platen motion during in-vivo
issue testing, for both T-Wave and V-Gait proﬁles, conﬁrms the ca-
acity of STRIDE to perform tissue compression at a functionally rele-
ant level (Fig. 5). Combined with the high temporal resolution avail-
ble with STRIDE, this device offers an opportunity to fully explain
he rate dependent nature of the plantar soft tissue in-vivo. High In-
ra trial repeatability was observed for the response measures (load
nd tissue compression), within the range of previous studies which
ssessed cycle to cycle variance [15,34], and suﬃcient to measure the
orce displacement response of the tissue in compression.Within day,
nter trial the observed variance was greater which may be the re-
ult of participant repositioning between trials, or foot motion within
he brace system during the dynamic compressive tests. However,
his increased variance (∼5%) was still within the range observed in
revious studies [22,28]. Participant movement during the pre/post
ompression phases may have affected tissue compression, however
he peak tissue compression (∼6 mm ∼0.3 strain) achieved for both
oading proﬁles is within the range observed for previous studies
21,24,35].
The biomechanical assessment of the plantar tissue has primar-
ly focussed on the vertical response, and does not assess horizontal
orces associated with bulging of the heel pad [11,18]. This bulging is
result of the heel pads ﬁbrous septae which create enclosed cham-
ers, acting as hydrostats under compression [36], As the vertical
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[compressive limit is reached the ﬁbro-elastic septae becomes the
dominant resistive force [11]. The use of ultrasound imaging within
STRIDE permits tracking of this horizontal movement and warrants
further investigation to understand the physiological limits of this
tissue.
The capacity to apply bulk compression of tissue (as per gait),
whilst retaining high regional speciﬁcity, permits effective load and
tissue thickness measurement, with acceptable repeatability across
all measurements (NRMSE < 5.2%). This enables participant speciﬁc
characterisation of tissue properties in compression using STRIDE.
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